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究领域, 但目前的进展受制于探测到事件太少(尤其是在X射线波段), 且观测数据普遍质量不高. TDE的发生率很
低, 要探测大样本的事例需要监测足够大的空间体积. 爱因斯坦探针卫星(Einstein Probe, EP)覆盖了0.5–4 keV 的
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(Tidal Disruption Events, TDE). 这个过程中大约有一
半的瓦解物质会回落并被黑洞吸积, 产生可以达到活
动星系核(Active Galactic Nuclei, AGN)的光度的爆发
式辐射[1,2]. 观测上发现大部分TDE爆发时其软X射线





















































































同性峰值光度达到3×1048 erg s−1, 比典型TDE的X射线
图 1 (网络版彩图) (a) ROSAT探测到的TDE的光变曲线,取自文献[21]; (b) TDE候选事例TDXF 1347-3254的光变曲线[19]; (c),
(d) XMM-Newton探测到的TDE候选事例NGC 3599和SDSS J1323+4827的光变曲线[24]; (e) TDE候选事例WINGS J1348的
XMM-Newton和Chandra观测到的光变曲线[28]; (f) 一例可能在双黑洞系统中产生的TDE的光变曲线, 取自文献[49]. 实线或虚
线代表的是服从L∝t−5/3的光变曲线, (f)中的红色曲线代表的是双黑洞中TDE的光变曲线
Figure 1 (Color online) (a) Light curves for ROSAT detected TDEs, adopted from ref. [24]. Credit: Komossa 2004, Cambridge University Press,
P45-48, reproduced with permission from Cambridge University Press. (b) Light curve for TDEXF 1347-3254[19]. Credit: Cappelluti et al., Astron
Astrophys, 495, L9, 2009, reproduced with permission © ESO. (c) and (d) Light curves for XMM-Newton detected TDE candidates NGC 3599 and
SDSS J1323+3827, respectively, adopted from ref. [24]. Credit: Esquej et al. 2008, Astron Astrophys, 489, 54, 2008, reproduced with permission ©
ESO. (e) XMM-Newton and Chandra light curves for WINGS J1348[28]. Credit: Maksym et al. MNRAS, 2013, 435, 1904–1927, reproduced with
permission © OUP. (f) Light curve of a possible TDE in a black hole binary system, adopted from ref. [49]. The solid and/or dashed curves show the
light curves which follow L∝t−5/3, while the red curve in (f) shows a light curve of a TDE in a binary black hole system.





































Table 1 TDE candidates that are detected at X-ray band
TDE候选体 红移 探测设备 参考文献
NGC 5905 0.011 ROSAT [14,15]
RX J1242-1119 0.05 ROSAT [16]
RX J1624+7554 0.064 ROSAT [17]
RX J1420+5334 0.147 ROSAT [18]
NGC 3599 0.003 XMM-Newton [21,24]
SDSS J1323+4827 0.087 XMM-Newton [21,24]
TDXF 1347-3254 0.037 ROSAT [19]
SDSS J1311-0123 0.195 Chandra [25]
2XMMi 1847-6317 0.035 XMM-Newton [26]
SDSS J1201+3003 0.146 XMM-Newton [27]
WINGS J1348 0.062 Chandra [28]
RBS1032 0.026 ROSAT [20]
3XMM J1521+0749 0.179 XMM-Newton [29]
XMMSL1 J0630-6031 - XMM-Newton [30]
XMMSL1 J0740-8539 0.0173 XMM-Newton [31]
3XMM J1500+0154 0.145 XMM-Newton [32]
Swift J1644+57 0.353 Swift [33,34]
Swift J2058+0516 1.186 Swift [35]
Swift J1112-8238 0.89 Swift [36]
ASASSN-14li* 0.0206 Swift [38]
a) ASASSN-14li为光学发现并在射电波段探测到外流[46,47]的TDE, 在后随观测中探测到X射线辐射
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软 . 用简单的黑体谱模型拟合 , 其温度范围在











而 有 相 对 论 喷 流 的 T D E 的 事 件 率 大 约 为
0.03 Gpc−3 yr−1[54]. 目前只探测到了约20例X射线TDE候
选体, 其中有3例可能具有相对论性的喷流. 观测到的
事件发生率比理论估算的结果大约低1个量级.















































大概为指数为−2的幂律函数, 光度大于1043 erg s−1的
发生率为5×10−6 Mpc−3 yr−1, 其演化率从低红移向高红
移逐渐降低[54]. 利用基于光度函数和红移分布的蒙特
卡罗模拟, 我们可以给出TDE的logN-logS图(即在每一
个流量处S, 所有大于S的TDE的数目N, 见图5). 图5的
图 2 (a) 目前探测到的X射线TDE在耀发期0.3–2.0 keV的流量分布; (b) 探测到的TDE候选体的红移分布, 具有喷流性质的
TDE的红移最高
Figure 2 (a) The 0.3–2.0 keV X-ray flux distribution of X-ray TDE; (b) the distribution of redshift for the detected TDE candidates. Those with jet
have the highest redshift.
1) 在图3中模拟的光变曲线没有考虑EP运行中对观测目标的可见时段的限制. 在目标位于白天天区时(约半年), EP不能监测.

























图 3 (网络版彩图) (a), (b) 根据ROSAT对NGC 5905以及Swift/XRT对Sw 1644+57观测到的数据, 模拟的EP/WXT对这两个源
的观测(NGC 5905的光变模型通过拟合ROSAT观测数据得到). (c), (d) 模拟的不同光度以及红移的情况下EP/WXT观测到的
TDE的光变曲线(假设光度随着时间按照L∝t−5/3的规律衰减). 灰色水平虚线是EP/WXT的背景光子计数率, 点状虚线是模拟中
假设的光变曲线的模型. Lp和fp分别为0.2–4 keV(ROSAT的探测能段)能段的峰值光度和流量, z为红移
Figure 3 (Color online) (a), (b) Simulated EP/WXT light curves for NGC 5905 (the light curve model is estimated by fitting the ROSAT data) and
Sw 1644+57. The counts rates are estimated based on observed data by XMM and Swift, respectively. (c), (d) Simulated light curves for TDE observed
by EP/WXTwith different redshifts and soft X-ray luminosities (assuming luminosity declines as L∝t−5/3). The gray dashed line marks the background
photon counts rate for EP/WXT. The dot-dashed line is the model used in the simulations. Lp and fp are the peak luminosity and flux in the 0.2–4 keV
energy band (energy band of ROSAT), while z is redshift.





1043 erg s−1的TDE. 红移在0.1附近时, EP可以探测到峰






































Figure 4 (Color online) The maximum observable time of EP/WXT








Figure 5 (Color online) The red and blue lines show the predicted
logN-logS for TDE and TDE with relativistic jet, respectively. The red
and blue shadow area indicate the 68% confidence intervals. The logN-
logS is calculated using Monte Carlo simulation. The X-axis is flux
while Y-axis is the number of events per year per steradian. The vertical
red dashed line and gray shadow mark the EP/WXT detection limit with
~6 ks exposure time, while the corresponding events number per year
per steradian is marked with horizontal red dashed line.




















































图 6 (网络版彩图) (a) 模拟的EP/FXT观测到的软X射线能谱, 源的流量假设为1×10−11 erg s−1 cm−2, 黑体温度为0.2 keV, 吸收
柱密度为3×1020 cm−2. 黑色实线为最佳拟合模型, 底部的图显示了数据与模型之比; (b) 对黑体温度的限制, 绿线为90%的置信
度
Figure 6 (Color online) (a) Simulated spectrum for EP/FXT. The flux is assumed to be 1×10−11 erg s−1 cm−2, while the temperature of the black body
is 0.2 keV and the column density is 3×1020 cm−2. The black solid line shows the best-fitting model. The data to model ratio is shown in the bottom
panel. (b) The temperature of the black body can be well constrained. The green line marks the 90% confidence level.
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When a star enters the tidal radius of a massive black hole (BH) at the center of a galaxy, the tidal force will rip the star
apart. The BH may accrete the debris of the star and produce energetic flare. This phenomenon is now commonly known
as Tidal Disruption Event (TDE). The characteristics of its spectra as well as variability are dependent on the properties
of the central BH and the disrupted star, so that we can study their parameters, accretion process and jet, and the property
of circumnuclear environment by confirming and systematically studying the BH in quiescent galaxies. TDE may also
provide important clues on the existence of intermediate BH as well as supermassive BH binary. However, the study of
TDE is hindered by relatively small sample size (especially in X-ray band) and low quality of data due to the low incident
rate. The Einstein Probe (EP), which covers the 0.5–4 keV soft X-ray energy band, has a large field of view as well as
high sensitivity, making it perfect to detect TDE. We expect that EP will detect several tens to about one hundred TDE
every year, of which around 10 or even more are TDE with relativistic jet. This will result in a homogeneously selected
completely TDE sample, which is important for investigating the statistical property of TDE. It makes it possible to
investigate the existence and statistical property of BH, explore the growth and evolution of BH, discovery the
intermediate BH as well as supermassive BH binaries.
massive black hole, tidal disruption event, accretion, jet, ISM
PACS: 98.62.Js, 95.55.Ka, 98.62.Mw, 98.62.Nx, 98.62.Ra
doi: 10.1360/SSPMA2017-00268
刘柱等. 中国科学: 物理学 力学 天文学 2018 年 第 48 卷 第 3 期
039503-13
